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Isolated dog coronary arteries relax in response to electrical stimulation (0.1-8.0 Hz, 9 V, 1.0 ms) following 
contraction induced by serotonin. Cimetidine, metiamide and ranitidine inhibited this relaxation. The relaxation was 
not blocked by pyrilamine. Reducing the concentration of Ca + (0.1 mM) decreased the rate of relaxation whereas 
relaxation was more rapid when the Ca 2÷ concentration was increased (3.2 mM). These results suggest that relaxation 
to electrical stimulation is modulated by Ca 2+ and by the H2-subclass of histamine receptors. 
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1. Introduction 
Transmural electrical stimulation elicits a re- 
laxation response in isolated dog coronary arteries 
made to contract in response to'several vasoactive 
agents (Rooke et al., 1982). Rooke et al. (1982) 
demonstrated that the amplitude of this relaxation 
depended on the intensity, pulse duration and 
frequency of the electrical stimulus. The goal of 
the present study was to characterize the influence 
of histamine antagonists and Ca 2÷ on the relaxa- 
tion response to electrical stimulation. 
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2. Materials and methods 
Adult male and female mongrel dogs (15-35 kg) 
were anesthetized with sodium pentobarbital (30 
m g / k g  i.v.) and the left anterior descending 
coronary artery excised. The arteries were stored 
in physiological salt solution (PSS) and cut heli- 
cally into strips (1.5 × 10 mm) under a dissecting 
microscope. The strips were mounted vertically on 
a glass or plastic holder in a tissue bath containing 
PSS. The upper ends of the strips were connected 
to force transducers (Grass FT.03) and the resting 
tension of each strip was adjusted to 1.0 g. Before 
the start of experiments, the strips were allowed to 
equilibrate in PSS for 3 h. The bathing medium 
was maintained at 37°C and aerated with 95% 
02-5% CO 2. The pH of the PSS was 7.4 and the 
composition (mmol/1)  was as follows: NaC1 130; 
KCI 4.7; KH2PO 4 1.18; MgSO4.7H20 1.17; 
CaCla. H20 1.6; NaHCO 3 14.9; dextrose 5.5; 
CaNa2EDTA 0.03. The Ca 2+ concentration of the 
PSS was varied without compensating for changes 
in tonicity. 
Strips of the coronary arteries were electrically 
stimulated by the use of two platinum wire elec- 
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t rodes  p laced  paral le l  to the prepara t ions .  Electri-  
cal impulses  consis ted of square waves (9 V, 1.0 
ms) p rov ided  by a direct  current  power  suply and 
switching t rans is tor  t r iggered by a s t imula tor  
(Grass  Mode l  S4E). At  each f requency of s t imula-  
tion, the str ips were s t imula ted  for 8 rain. 
The  fol lowing pharmacolog ica l  agents  were 
used:  serotonin  (5 -hydroxy t ryp tamine  creat in ine  
sulfate,  Sigma Chemical  Co.), pyr i l amine  (Sigma 
Chemica l  Co.), c imet id ine  (Smith,  Kl ine  and 
F rench  Pharmaceut ica ls) ,  me t i amide  (Smith,  Kl ine  
and French  Pharmaceut icals) ,  ran i t id ine  (Glaxo  
Pharmaceut ica ls) ,  h is tamine  HC1 (Sigma Chemical  
Co.), n i t ropruss ide  (Roche  Labora tor ies )  and  iso- 
p ro te reno l  HC1 (Sigma Chemical  Co.). 
The  results of  these exper iments  were analyzed  
by  several s tat is t ical  procedures .  Frequency-re-  
sponse  and dose- response  curves were ca lcula ted  
as geometr ica l  means.  Paired and  unpa i red  t-tests 
and  curve f i t t ing analyses  (logit  t rans format ion)  
were per formed.  A P value less than 0.05 was 
cons idered  to be s ta t is t ical ly  significant.  
3. Results 
C o r o n a r y  ar tery  strips, made  to cont rac t  in 
response  to serotonin  (1.3 × 10 .6  M), deve loped  
488 + 64 mg force (n = 6). Electr ical  s t imula t ion  
(0.1-8.0 Hz, 1.0 ms, 9 V) app l ied  dur ing  these 
con t rac t ions  caused relaxat ion.  Ha l f -max ima l  re- 
l axa t ion  occurred at  1.1 + 0 . 2  Hz ( n = 6 ;  com- 
pu ted  by logic t r ans format ion  of  f requency-re-  
sponse  curves). Max ima l  re laxat ion  was a 95 _+ 2% 
reduct ion  of  the contrac t i le  response to serotonin.  
These  re laxa t ion  responses  were reproducib le .  
The rate and ampl i tude  of re laxat ion  in re- 
sponse  to electr ical  s t imula t ion  (2 Hz) in ar ter ial  
s t r ips  made  to cont rac t  to sero tonin  was greater  as 
the concen t ra t ion  of  Ca 2+ in the ba th ing  med ium 
was increased (left panel ;  fig. 1). When  the con- 
cen t ra t ion  of Ca 2+ was 0.1 mM, the contract i le  
response  to sero tonin  (1.3 × 10 .6  M) was reduced 
(258 + 57 mg; n = 6) c o m p a r e d  to that  in 1.6 m M  
C a  2+ (473 _+ 58 mg: n = 6) or in 3.2 m M  C a  2+ 
(745 _+ 106 mg; n = 6). Re laxa t ion  in response  to 
electr ical  s t imula t ion  in 0.1 m M  C a  2+ w a s  slow 
and  incomple te  c o m p a r e d  to that  in 1.6 m M  or in 
3.2 m M  Ca 2+. To de te rmine  whether  the magni-  
tude  of the serotonin response was responsible  for 
the differences in re laxat ion when the Ca 2 ~ con- 
cen t ra t ion  was al tered,  serotonin concent ra t ions  of 
1 . 3 × 1 0  7 M to 1 .3×  10 -5 M were used to pro-  
duce var ia t ions in the magni tude  of cont rac t ion  
(right  panel ,  fig. 1). Cont rac t i le  responses to 1.3 × 
10 v M sero tonin  (232_+ 32 mg; n = 6) were less 
than  those to 1.3 × 10 6 M serotonin  (473 + 58 
mg; n = 6) and to 1.3 × 10 .5 M serotonin (678 +_ 
104 mg; n = 6), yet  re laxat ion to electrical st imu- 
la t ion fol lowing con t rac t ion  induced by 1.3 × 10 7 
M serotonin  was faster and more  comple te  than 
that  of str ips made  to cont rac t  with 1.3 × 10 -6 M 
serotonin.  Relaxa t ion  in response to electrical  
s t imula t ion  of ar ter ial  strips made  to cont rac t  with 
1.3 × 10 -5 M serotonin was great ly reduced com- 
pa red  to that  in str ips cont rac ted  with 1.3 × 10 6 
M serotonin.  
To examine  the re la t ionship  between re laxat ion  
and contract i le  magni tude ,  s imilar  exper iments  to 
those descr ibed above  were pe r fo rmed  except  that  
i sopro te renol  (10 7 M), n i t ropruss ide  (3.7 × 10 s 
M) and h is tamine  (9.0 × 10 .5 M) were used to 
induce re laxat ion  ins tead of electrical  s t imulat ion.  
When  the concent ra t ion  of Ca  2+ in the ba th ing  
med ium was al tered,  the magni tude  of con t rac t ion  
in response to serotonin  (1.3 × 10 -.6 M) varied as 
descr ibed  above  (0.1 m M  Ca 2 ÷ 2.49 +_ 22 mg; 1.6 
m M  Ca 2÷ 571_+53 mg; 3.2 m M  Ca 2÷ 749_+52 
mg; n = 6). Relaxa t ion  in response to all vasodi la-  
tors was decreased when the concent ra t ion  of Ca 2 + 
was 3.2 m M  ( i sopro terenol  70 _+ 4%; n i t ropruss ide  
58 _+ 4%; h is tamine  38 _+ 4%) and increased at 0.1 
m M  C a  2+ ( i sopro terenol  99 + 1%; n i t ropruss ide  
98 _+ 2%; h is tamine  79_+ 6%); re laxat ion  in re- 
sponse to all vasodi la tors  was in te rmedia te  at 1.6 
m M  Ca 2+ ( i soproterenol  85 _+ 5%; n i t ropruss ide  
76 + 5%; h is tamine  54 _+ 5%). Changing  the con- 
t ract i le  magni tude  by varying the concen t ra t ion  of 
sero tonin  (1.3 x 10 - 7  to  1.3 × 10 -5 M) at 1.6 m M  
Ca 2 + caused re laxat ion  in response to these vasodi-  
la tors  to be decreased when the contract i le  magni-  
tude  was large and increased when the contrac t i le  
response  was small.  Cont rac t i l e  responses to 
serotonin  were: 1.3 × 10 -v M serotonin  262 _+ 18 
mg; 1 .3× 10 6 M 5 6 2 + 4 7  rag; 1 .3×  10 5 M 
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Fig. l. Ca 2+, serotonin and relaxation to electrical stimulation. Alterations in the concentrations of Ca 2+ (left panel) and serotonin 
(right panel) affected the rate and amplitude of relaxation in response to 2 Hz electrical stimulation. The amplitude of relaxation is 
normalized to the magnitude of contraction in response to serotonin which existed just prior to electrical stimulation (indicated by 
arrow). Values are the mean _+ S.E.M. for 6 coronary arteries (6 dogs). 
three vasodilators at respective contractile re- 
sponses to serotonin were: 10 -v M isoproterenol 
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Fig. 2. Histamine antagonists. Relaxation to 2 Hz electrical 
stimulation was inhibited by cimetidine, metiamide and raniti- 
dine, but not by pyrilamine. The amplitude of relaxation is 
expressed as a percentage of the contractile response to 
serotonin (1.3 x 10 -6 M). Values are the mean + S.E.M. Values 
in parentheses are the number of coronary arteries. 
ni t roprusside 99 _+ 1%, 76 _+ 4%, 57 _+ 3%; 9.0 x 
10 -5 M his tamine 81 + 4%, 53 + 5%, 22 _+ 2%. 
Relaxation in response to electrical s t imulat ion 
(Hz) following contract ion induced by serotonin 
(1.3 × 10 -6  M;  force developed 502 _+ 23 mg; n = 
18) was inhibi ted by antagonists  of the Hz-sub- 
class of his tamine receptors (cimetidine, metia- 
mide, ranit idine;  fig. 2). The relaxation was not 
blocked by pyri lamine except at high concentra-  
t ions of this H r r e c e p t o r  antagonist .  The con- 
centrat ions of the drugs which produced half-max- 
imal inhibi tory responses were (computed by logit 
t ransformation):  (1) cimetidine 1.75 (_+0.33) x 
10 -6  M (n = 5); (2) metiamide 1.04 (_+0.19) x 10 -6  
M ( n = 4 ) ;  (3) rani t idine 0.88 (_+0.18)x 10 -6  M 
(n  = 5). 
Arterial strips made to contract  to serotonin 
(1.3 x 10 -6 M; force developed 494 _+ 26 mg; n = 
15) relaxed in response to the cumulat ive addi t ion 
of his tamine (9.0 x 10 -9  to 9.0 x 10 -5 M) to the 
muscle bath. Half-maximal  relaxation occurred at 
2.97 ( +  0.54) x 10 -6  M histamine and the maximal  
relaxation was a 58-+ 6% reduction of the con- 
tractile response to serotonin. Trea tment  of the 
strips with cimetidine (4.0 × 10 -5 M, n = 5), 
met iamide (1.2 x 10 -5 M, n =  5) and rani~idine 
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(3.2 × 10 5 M, n = 5) blocked the relaxation to 
histamine completely. Pyrilamine (2.5 × 10 5 M, 
n = 5) reduced the maximal relaxation to hista- 
mine to a small extent (50_+ 7%). Relaxation in 
response to isoproterenol (10 7 M) and nitroprus- 
side (3.7 × 10 -s M) was not altered by the hista- 
mine antagonists. 
4. Discussion 
Previous studies (Rooke et al., 1982) have dem- 
onstrated that the conditions of electrical stimula- 
tion (9 V, 1.0 ms) used in these experiments causes 
relaxation of dog coronary arteries. These relaxa- 
tion responses are not altered by tetrodotoxin, 
adrenergic denervation by cold storage, c~- and 
fl-adrenergic blockade, atropine, indomethacin nor 
removal of the endothelium (Rooke et al., 1982). 
We have confirmed these observations (data not 
shown). Recent observations by Toda and Hayashi 
(1982) and by Cohen et al. (1983) suggest that 
electrical stimulation with a shorter pulse duration 
(0.2 ms) produces relaxation of dog coronary 
arteries which is blocked by fl-adrenergic 
antagonists. The current experiments demonstrate 
that higher pulse durations of electrical stimula- 
tion produce relaxation in dog coronary arteries 
which is: (1) dependent on the concentration of 
Ca 2+ in the bathing medium; and (2) blocked by 
antagonists of the H2-subclass of histamine recep- 
tors. Both of these observations suggest that this 
relaxation is a response to an endogenous vasodi- 
lator liberated by the electrical stimulation. 
4.1. Ca -'+ dependence 
Relaxation of dog coronary arteries in response 
to histamine, isoproterenol and nitroprusside is 
inversely related to contractile magnitude (large 
relaxation when contraction is small and vice 
versa). This relationship is evident when the con- 
tractile magnitude is altered by changing Ca 2+ 
concentration (serotonin concentration constant) 
or when the contractile magnitude is altered by 
changing the serotonin concentration (Ca 2+ con- 
centration constant). In contrast, at high Ca 2+ 
when contractile magnitude is large, the rate and 
extent of relaxation in response to electrical stimu- 
lation are greater than that predicted for a rela- 
tionship based on contractile magnitude. Con- 
versely, at low ca 2+ concentration, the rate and 
extent of relaxation in response to electrical stimu- 
lation are less than that predicted for a small 
contractile response. Relaxation in response to 
electrical stimulation at a constant Ca 2+ con- 
centration (1.6 raM) does vary in the predicted 
manner when the magnitude of contraction is al- 
tered with various concentrations of serotonin. 
These results suggest that Ca 2+ influences the re- 
lease of an endogenous vasodilator. When tile 
concentration of Ca 2+ is low, relaxation is slow 
and incomplete because less endogenous vasodi- 
lator is released; when the concentration of Ca 2 ' is 
high, relaxation is fast and complete because the 
amount of endogenous vasodilator released is 
greater. Thus, it is likely that the release mecha- 
nism for an endogenous vasodilator in dog 
coronary arteries is similar to that in other secre- 
tary cells in that Ca 2+ is required for stimulus- 
secretion coupling (Berridge, 1975). 
4.2. Histamine antagonists 
Based on the evidence presented in this study, it 
is possible that histamine is the transmitter re- 
sponsible for relaxation in response to electrical 
stimulation. Antagonists of the H2-subclass of 
histamine receptors blocked relaxation to electrical 
stimulation in a dose-dependent manner. Further- 
more, exogenous histamine caused relaxation: and 
this relaxation was inhibited by H2-receptor 
antagonists. Relaxation in response to electrical 
stimulation and to histamine were little affected by 
the Hi-antagonist , pyrilamine. Relaxation in re- 
sponse to isoproterenol and nitroprusside were not 
altered by the histamine antagonists. It has been 
demonstrated that the vascular wall contains high 
concentrations of histamine (E1-Ackad and Brody, 
1975; Garland and Keatinge, 1982). It may be that 
electrical stimulation of isolated dog coronary 
arteries releases histamine from cellular stores in 
the wall of the blood vessel; the released histamine 
produces relaxation through activation of H2-re- 
ceptors on the smooth muscle cell membrane. In- 
terestingly, the release of histamine from cellular 
storage sites is known to be a Ca 2+ dependent 
response (Berridge, 1975). 
Two observations suggest that histamine is not 
the endogeneous vasodilator released in response 
to electrical stimulation: (1) relaxation in response 
to exogenous histamine was less than that in re- 
sponse to electrical stimulation (maximal response 
to histamine 58 _+ 6% change from serotonin con- 
traction; maximal response to electrical stimula- 
tion 95 + 2%); and (2) relaxation in response to 
histamine was totally blocked by ranitidine (3.2 × 
10 -3 M) whereas relaxation to electrical stimula- 
tion was inhibited by only 50% in the presence of 
this He-receptor antagonist. It is possible that the 
release of the endogenous vasodilator is merely 
modulated by He-receptor antagonists. Alter- 
nately, histamine may be only one of two or more 
endogenous vasodilators released in response to 
electrical stimulation. 
Regardless of the precise molecular mechanism 
the results of the current study are important in 
that they demonstrate that the relaxation is due to 
the release of an endogenous vasodilator rather 
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than to a direct effect on the coronary vascular 
smooth muscle cells (Rooke et al., 1982). 
References 
Berridge, M.J., 1975, The interaction of cyclic nucleotides and 
calcium in the control of cellular activity, in: Advances in 
Cyclic Nucleotide Research, Vol. 6, eds. P. Greengard and 
G.A. Robison (Raven Press, New York) p. 1. 
EI-Ackad, T.M. and M.J. Brody, 1975, Evidence for non-mast 
cell histamine in the vascular wall, Blood Vessels 12, 181. 
Cohen, R.A., J.T. Shepherd and P.M. Vanhoutte, 1983, Pre- 
junctional and post junctional actions of endogenous 
norepinephrine at the sympathetic neuroeffector junction in 
canine coronary arteries, Circ. Res. 52, 16. 
Garland, C.J. and W.R. Keatinge, 1982, Constrictor actions of 
acetylcholine, 5-hydroxytryptamine and histamine on bovine 
coronary artery inner and outer muscle, J. Physiol. 327, 363. 
Rooke, T., R.A. Cohen, T.J. Verbeuren and P.M. Vanhoutte, 
1982, Non-neurogenic inhibitory effect of electrical im- 
pulses in isolated canine coronary arteries, European J. 
Pharmacol. 80, 251. 
Toda, N. and S. Hayashi, 1982, Responses of canine coronary 
arteries to transmural electrical stimulation and nicotine, 
European J. Pharmacol. 80, 73. 
